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Abstract 
Objective: Despite using the most appropriate methods of prevention, the incidence of pressure ulcers is still 
considered as a major problem of health care in all health systems. A group of patients at high risk for this 
problem, there are patients who are undergoing open heart surgery. But few studies have been done about the 
risk of pressure ulcers in this group of patients. This study aimed to investigate the relationship between 
hemodynamic statuses with the risk of pressure ulcers development in patients after heart surgery is done. 
Materials and methods: This cross-sectional study conducted in cardiac intensive care unit of Bu Ali Sina 
hospital in Qazvin. Eighty two patients who were undergoing cardiac surgery were selected by convenience 
sampling method. The risk of pressure ulcers on three times, before surgery, after surgery (the patient’s 
consciousness) and at discharge was evaluated by using the Braden scale and international staging pressure 
ulcers (stage 6). As well as demographic specifications, hemodynamic status,   including systolic blood 
pressure, diastolic blood pressure, mean arterial blood pressure, heart rate, central venous pressure and the 
patient's medications on a daily basis were recorded by the researcher. Data analysis was performed using 
SPSS 16 software. 
Results: Of the 82 patients, 36 were women (43.9%) and 46 males (56.1%). The mean ages of patients were 
10.52 ± 60.93 and the mean of intensive care unit stay was 2.87 ± 0.96. The risk of pressure ulcers with an 
average diastolic blood pressure on the first day (p = 0.04), the mean central venous blood pressure in the 
second day (p = 0.01), mean heart rate on the second day (p = 0.04), age (p = 0.000 ), duration of 
hospitalization in a special section (p = 0.002), presence of diabetes (p = 0.04), cardiac surgery (p = 0.01), 
smoking (p = 0.000) and the pump during surgery (p = 0.03) had a significant relationship. 
Conclusion: according to finding of present study, patients who are undergoing cardiac surgery, are at high 
risk for pressure ulcers development and factors such as diastolic blood pressure, central venous pressure, 
increased heart rate, increased age, duration of hospitalization, presence of diabetes, previous surgery, smoking 
and working the pump during surgery could be increased this risk. 
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I. Introduction 
Pressure ulcer, pressure sore or decubitus ulcer (1) is localized damage to the skin or underlying tissue 
usually over a bony prominence (2).  Local with soft tissue less (3) with at least 5,000 years of history (4), 
Health care remains a major challenge with the prevalence of almost 25% in the United States of America  and 
between 10 to 50 percent in Iran (5). Many research has done in the field of identifying  factors pressure ulcers 
in nursing profession and nurses always  in providing nursing services has encountered  to patients  that in the 
initial review are susceptible to pressure ulcers (6). Many factors affect the development and progression of 
pressure ulcers. (7) and a large number of risk factors have been identified for development of pressure ulcers 
(8), because of pressure ulcer is a multifactorial problem (9). That some of these environmental factors and 
some were related to one's own (7) and as well as primary risk factors. (10). Including external factors pressure 
and friction (11) and internal factors hematologic criteria.   (12), malnourishment. (11), hemodynamic changes. 
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(9), blood glucose levels (9), and blood glucose (9). However, only one factor can explain the incidence of 
pressure ulcers (12). Causes of pressure ulcers, in recent years, in the world hospitals, is one of the concerns of 
medical staff, especially nurses (13). In the meantime, the primary responsibility for the prevention of pressure 
ulcers is a nursing (14). For this reason, the prevention of pressure ulcers is one of the oldest methods of 
prevention in nursing. (15). In addition, the key factor of prevention of pressure ulcers is an in quality care. (16), 
because pressure ulcers is still one of the important issues in the care of patients. (17). Accordingly, due to the 
many problems associated with the prevention of pressure sores, the preventing of development of them, is one 
of the most important issues in the scientific literature. (18). Meanwhile, there many situations like 
hospitalization in intensive care units and performed surgical procedures on patients that is putting the patient 
expose to and development and progression of pressure ulcer.  
Patients undergoing surgery due to sensory impairment, immobility disorder  ,hemodynamic changes 
and the use of vasoconstrictors drugs during surgery are at increased risk of developing pressure ulcers 
(20).Given that the ICU patients spend a lot of time in bed, and taking into account the dramatic changes 
cardiovascular system - dependent vascular bed rest (21), These patients are always at risk of hemodynamic 
disorders (22). On one hand, hemodynamic in patients after cardiac surgery despite the success of surgery is 
often unstable (23). And the defects in the overall blood circulation will increase the risk of pressure ulcers (10). 
Statistics indicate the incidence of pressure ulcers between 17 and 29.5 percent in patients following cardiac 
surgery (24).  And in Iran, the amount of incidence of pressure ulcers after heart surgery has been reported in 
3/21 percent (24). In addition, patient’s cardiovascular surgery is responsible for almost 45 percent of total 
hospital costs to treat pressure ulcers (24). Apart from these costs, the incidence pressure ulcer is concerned with 
pain (2), increased risk of osteomyelitis, endocarditis (13),   increasing the workload of the health care system 
(24) and death (13). 
Based on the evaluate of previous studies, at the moment, enough evidences  about the relationship 
between hemodynamic status with the incidence risk of pressure ulcers in patients undergoing cardiac surgery is 
not entirely clear. So, in this regard and given the importance of the issue, this study aimed to investigate the 
relationship between hemodynamic statuses with the incidence risk of pressure ulcers in patients after open heart 
surgery was performed. 
 
II. Method 
This descriptive- analytical in kind of cross-sectional was conducted in ICU unit of BU- Ali Sina 
hospitals heart surgery dependent on the Medical Sciences University and Health Services of Qazvin in 1395. 
Necessary permission for the study was obtained from the University of Medical Sciences. Also before the start 
of the study , necessary explanations were given the examples and  of their satisfaction of participation in the 
study was obtained. Also participating in the study sample was assured that the information obtained from them 
will remain confidential and will be used only for the purposes of the study. The aim population of this study 
included all patients who had open heart surgery and were admitted in this section. This includes 6 beds and 14 
staff nurses. Sampling in this study, was convenience method and include all patients who inclusion criteria and 
exclusion criteria of the study were applied to them. Inclusion criteria to study, tendency to participate in the 
study with informed consent, age over 18 years and was the lack of pressure ulcers on arrival. Patients who 
require emergency surgery, and there was no opportunity to review their skin before surgery, were excluded. 
Total sample size was 66 respondents who expect to lose 10 to 20 percent, 82 patients were enrolled in the 
study. Third-party data collection tool, the first part includes demographic information List such as age, sex, 
history of developing  pressure ulcers, pressure ulcers degree, history of previous diseases, the cause of 
exclusion of study, exit date of  patients from the cardiac surgery departure, the body mass index, pump status 
during surgery and obtained scores of the Braden tool. The second part of the tool, including the check list 
collected clinical information, including information related to hemodynamic (systolic blood pressure, diastolic 
blood pressure, mean arterial blood pressure, heart rate, central venous pressure), respectively. The third part of 
Braden tools, was predictor tool of the incidence risk of pressure ulcers. This criterion includes 6 parameters: 
sensory perception, moisture, activity, mobility, nutrition and force wear.  Each of these parameters with the 
exception of rubbing force from 1 to 4 and the force of friction is 1 to 3 points. The score 1 shows the worse 
situation and 4 shows the better situation. At the end, after collecting any of the scores, the final score was 
obtained. That the lower score indicates a risk situation. Also, the maximum score is 23. It should be noted that 
Braden tool used in the study Montazeri et al. And the reliability of this criterion is 83% and sensitivity and 
specificity of it equal to 92% and 74% respectively (25). At the beginning of every day, after receiving the 
surgeries list of this section, When the patient entered the operating room door, areas susceptible to pressure 
ulcers in each patient thoroughly examined and evaluated. Braden tool was used first before entering the 
operating room. If have pressure sores when entering the operating room, according to patient entry criteria 
were excluded from the study. 
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Check List of  patient demographic specifications such as age, sex, date of admission, disease history, 
diabetes illness, hypertension, hyperlipidemia, previous stroke, previous surgical history, body mass index was 
recorded at the time of entering the operating room. After emersion the patient from the operating room, pump 
status during surgery of the case and the questions of the doctor was completed. Wavy mats were recorded too. 
For the second time, after removal of the patient from the operating room Braden tool was applied.   Prone areas 
for the occurrence of pressure ulcers was evaluated and if there is pressure ulcer according to  international 
staging the pressure ulcer (stage 6) the wound level was recorded. Study of patient’s skin, until discharge from 
the section, has been done on a daily basis and in If the improvement or development of new lesions was 
recorded in the corresponding file to patient. 
Information related to the variables and the hemodynamic parameters on a daily basis based on the 
average daily and routine and rules were recorded. Braden tool was used for the third time in discharge time.  
Data analysis using SPSS software and with the help of descriptive tests such as the number and 
percentage for qualitative variables (having a pressure ulcer, having diabetes, previous surgery, hypertension, 
history of stroke, hyperlipidemia, sex)  and the mean and standard deviation for quantitative variables (age, 
length of stay, days of developing pressure ulcers, sore healing day, Braden tool score, body mass index, 
systolic blood pressure, diastolic blood pressure, mean arterial blood pressure, heart rate heart, blood pressure, 
central venous pressure) were studied. In order to examine the study variables, in two modes of variables from 
independent t-test to evaluate the relationship between independent variables with dependent variable and the 
was used Pearson correlation coefficient. 
 
III. Results 
During this study, one patient was excluded because of the urgency and one patient was excluded from 
study because of death. All patients for participating in the study have the necessary cooperation and none of the 
patients because of lack of consent to participate in the study were excluded. Of the 82 patients, 36 women 
(43.9%) and 46 males (56.1%). The average age of patients, was 10.52 ± 60.93 and the average days of 
hospitalization in a special section of heart surgery was 0.96 ± 2.87 days. Of the 82 patients admitted to the 
Special Section of Cardiac Surgery 27 (32.9%) patients had pressure sores grade one.   4 (4.9%) of patients had 
grade II pressure ulcer. Of the 27 patients with pressure ulcers, 25 persons on the first day got pressure ulcers 
grade one and two people in the second day of hospitalized were with wounds of pressure ulcers grade two. T 
test results showed that there was no significant correlation between the incidence of pressure ulcers with age 
(P= 0.000), and the hospitalization time in section (P =0.002). In addition, chi-square test results showed that the 
presence of diabetes (P= 0.04), previous surgery (P=0. 01) and the pump situation during surgery (P= 0.03) has  
a statistically significant relationship with the occurrence of pressure ulcers. In the meantime, patients who had 
pressure ulcers, than those without pressure ulcers older and had more length of stay on section. In the pump 
status variable analysis showed that all 27 patients with pressure ulcers have the “ on” pump during surgery. 
The findings of the study showed that between the incidence of pressure ulcers with the mean systolic 
blood pressure and mean arterial on the first, second, third and fourth days of hospitalization, there is no 
significant relationship. The findings also showed that between the incidence of pressure ulcers with an average 
diastolic blood pressure during the second, third and fourth days, there was no significant correlation. 
 
IV. Discussion 
Although if appropriate interventions almost 95 percent of all pressure ulcers are preventable (24), 
however, pressure ulcers may cause serious complications (5). This study aimed to examine the association 
between hemodynamic variables and the risk of incidence of   pressure ulcers in patients undergoing open heart 
surgery. The results of current study showed that the patients were at high risk of pressure sores and factors such 
as reduced diastolic blood pressure, central venous blood pressure and increased heart rate are effective in this 
matter. The results of current study showed that there is no significant relationship between the incidence of 
pressure ulcers with mean systolic blood pressure in the days of hospitalization. However, the association was 
not statistically significant, but, mean systolic blood pressure in the group has a wound on the first, second and 
fourth hospitalization days, was higher than the group without ulcers. In the study of Ghavidel and Et al., that 
was conducted to determine the degree of incidence and predisposing factors of  pressure sores after open heart 
surgery; was found that blood pressure less than 80 mm Hg in the incidence of ulcers was effective (24). In this 
study, only periods of reduced blood pressure is evaluated and differences in the impact of other variables on the 
basis of days has not been studied in the incidence of pressure ulcers and that's why the effect of  parameters of 
this study is different with our study. It also in the study of Ghavidel, information within the operating room is 
examined. And surgery room conditions are very different than the section, because, direct manipulation of the 
hemodynamic System of inside the operating room takes place and further changes in systolic blood pressure 
occurs. While the Ghavidel and Et al., believe that systolic blood pressure less than 80 mmHg are effective that 
in our study, daily average systolic pressure is not reached to less than 80 mm Hg. In the study of  Shiu-piu and 
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et al., found that periods of low blood pressure is associated with the incidence of pressure ulcers (26). This 
finding was contrary to the findings of our study, because in our study the mean systolic blood pressure in 
patients is not reached to less than 110 mm Hg. In this study, systolic blood pressure less than 90 mmHg is 
considered,   and it is clear that, when systolic blood pressure reach to less than 90 mm Hg more blood flow to 
vital organs and skin usually exposed to the damage. In the study of Fallahi Nia and et al., found that there is no 
statistically significant relationship between the incidence of pressure ulcers with systolic blood pressure, (27). 
That this finding is consistent with the findings of our study. The results of current study showed that there was 
no significant correlation between  the incidence of pressure ulcers with diastolic blood pressure during the 
second, third and fourth days of hospitalization and the incidence of pressure ulcers with diastolic blood 
pressure on the first day of hospitalization has a significant relationship. In the study of Santooran and et al., 
found that patients with pressure ulcers, have lower diastolic pressure (14). In our study, the incidence of 
pressure ulcers is a significant association with diastolic blood pressure on the first day. Of course, patients with 
pressure have experienced lower ulcers diastolic blood pressure in the first day. Santoorans study results are 
consistent with the results of our Study on the first day. Because the incidence of pressure ulcers in the first day 
has a significant relationship with diastolic blood pressure. Although diastolic blood pressure of patients  of our 
study in the first days to three was lower in the patients with pressure ulcers, but diastolic blood pressure in 
patients with pressure ulcers in four days of hospitalization is higher. The difference in results can be attributed 
to differences in methods. Because the Santooran and Et al have started collecting their data when 24 hours of 
mechanical ventilation have been passed.   Meanwhile, we have to analyze our results based on the day of 
admission. And  Santooran and  et al., have described the results as a whole. Belle and Et al study also showed 
that the incidence of pressure ulcers are associated with lower diastolic blood pressure (28),  that these results 
are consistent with the results of our study on the first day of hospitalization. Belle et al., have expressed their 
results in general, while their patients have resided in hospital on average 24 days. Thus, if they mentioned it 
base on the day of admission interpret the results were better done.   However, the results on the first day are 
consistent with the results of  Belle et al., and is different in the next days. The results of this study showed that 
there is no significant  relationship between the incidence of pressure ulcers with an average  of arterial blood 
pressure in the first, second, third and fourth days of hospitalization. In the Study of Tryksy et al., found that the 
incidence of pressure ulcers is a significant correlation with mean arterial pressure (29). The results of this study 
are inconsistent with the results of our study.  The difference in results can be attributed to the length of stay for 
patients with pressure ulcers, because of the length of stay for patients with pressure ulcers in Tryksy et al., 
study was close to 19 days, and while in our study duration was nearly three days. On the other hand, patients in 
our study had an average pressure lower than 85 mm Hg, while in the study of Tryksy et al., Mean arterial 
pressure of patients, on average was 55 mm Hg. Hence, the disaffiliation incidence of pressure ulcer with mean 
arterial pressure (MAP) is the justify in our study. In the study of Pender and Fries became clear that, contrary to 
our study there is a significant correlation between mean arterial blood pressure and the incidence of pressure 
ulcers (30). Differences in the statistics may be linked to differences in. Because the average of hospitalization 
days of patients in the study Pendrz and Fries was 13.5 days and in our study is nearly three days. On the other 
hand, mean arterial pressure in study of Penderz and Fries is much lower than ideal conditions. While in our 
study, the average mean arterial pressure is greater than ideal conditions or are within the scope of ideal. For this 
reason, disaffiliation of the incidence of pressure ulcers with mean arterial pressure in our study is explainable. 
In a study of Kadygan et al., found that the incidence of pressure ulcers has no significant correlation with mean 
arterial pressure (31), the results of this study are consistent with the results of our study. The results of our 
study showed that incidence of pressure ulcer with  mean central venous blood pressure and heart rate on the 
second days of hospitalization has a significant relationship. Ghaseminejad et al., study found that there is no 
relationship between the incidences of pressure ulcers with heart rate (22). Lack of association between this 
variable and the incidence of pressure ulcers can be attributed to  the length of hospitalization in patients with 
pressure ulcers and conditions of them  in hospitalization days of this study. Because in study of  Ghaseminejad 
et al., the patients were hospitalized an average of 14 days.  However, the average of  Hospitalization days of 
patients in our study were nearly three days. And patients in cardiac surgery experience most changes in 
hemodynamic than other patients. At any time based on days likely changes in heart rate is proposed. While 
Ghaseminejad et al., have suggested their results as a whole and not on days. In the study of Penderz and Friez 
found that the development of pressure ulcers is not significantly associated with heart rate (30). The results of 
this study are consistent with the results of our study on the first, third and fourth of hospitalization day.  And 
lack of consistency on the second day, probably can be attributed to possible changes in the patient's clinical 
status. In the results of our study, the incidence of pressure ulcers with the mean central venous blood pressure, 
has a significant relationship in the second day and patients with pressure ulcers on the first day and the second 
day have higher central venous blood pressure. 
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V. Conclusion 
Results of this study showed that patients with open heart surgery, as well as other special sections are 
exposing to greater risk of incident of pressure ulcers, and factors such as reduction in diastolic blood pressure, 
central venous blood pressure and heart rate are influence in the increase of incidence of pressure ulcers. This 
issue suggests that those involved in the care and treatment of patients, especially nurses should have more 
attention to the prevention of pressure ulcers and with a comprehensive review whether in terms of patient 
physical examination and whether in terms of review of medical history are prevented from incidence of 
Pressure ulcers. And pay more attention to the patient due to wide variation in the hemodynamic parameters 
during their hospitalization in relation to the incidence of pressure ulcers. 
The results of this study can be used in the Educational sections of University faculties retraining 
courses and workshops within the hospital and sooner identify of patients at risk of incidence of pressure ulcers 
be used by health care workers. Of the strengths of this study using highest effective variables in occurrence of 
the pressure ulcer, using observation method in the patient's bedside and case records can be named. About the 
research limitations, the quality of nursing care, is one of the factors that has a major effect in creation of 
pressure ulcer that has not been investigated in this study. It is recommended that a study simultaneously; 
review inside conditions and variables, and after the operating room.  Until more detailed information of the 
factors that influence the incidence of pressure ulcers is achieved. Finally, our gratitude of all those who 
somehow helped the research team in the research, especially the staff and hospitalized patients at Special 
section of Bu- Ali sina Hospital in open heart surgery.  
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Table 1: Comparison between the mean and standard deviation of the mean systolic blood pressure, diastolic 
and mean arterial significant in two groups based on the day of admission 
P value for t-test Difference with ulcer without ulcer Hospitalization days Variable 
0.99 0.3 122.76±13.26 10.25±122.46 First systolic BP 
0.04 4.25 9.37±73.42 8.57±77.67 First diastolic BP 
0.20 2.63 9.90±89.89 8.20±92.52 First mean arterial BP 
0.30 3.28 15.20±122.46 12.71±118.18 second systolic BP 
0.64 1 9.11±74.58 9.42±75.58 second diastolic BP 
0.92 0.21 10.38±90.41 10.04±90.20 second mean arterial BP 
0.97 0.13 13.23±121.74 14.85±121.87 Third systolic BP 
0.47 2.13 9.80±76.27 10.10±78.40 Third diastolic BP 
0.65 1.4 9.75±91.48 10.74±92.88 Third mean arterial BP 
0.30 4.75 9.69±115.21 9.77±110.46 Fourth systolic BP 
0.97 0.14 9.75±72.33 7.32±72.19 Fourth diastolic BP 
0.70 1.51 9.29±86.62 6.98±85.11 Fourth mean arterial BP 
Table 2: Comparison of mean and standard deviation of central venous blood pressure in both groups 
significantly on the day of admission 
P value for t-test Difference with ulcer without ulcer Hospitalization days Variable 
0.13 1.02 3.88±11.74 2.26±10.72 First CVP 
0.01 4.47 2.70±15.52 3.65±11.05 second 
 
Table 3: Compare the mean and standard deviation of the mean heart rate in both groups significantly on the 
day of admission 
P value for t-test Difference with ulcer without ulcer Hospitalization days Variable 
0.15 3.94 12.43±90.24 11.36±86.30 First  
Heart rate 0.04 6.21 12.91±91.71 12.78±85.50 second 
0.51 2.76 11.91±89.69 15.23±86.93 Third 
0.50 4.05 15.09±87.08 8.38±91.13 Fourth 
 
 
 
 
 
 
